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Abstract 
 
The study attempts to use multivariate analysis to evaluate the profile of male player for developments of 
Long-Term Talent in Sports (LT-TiS) model based on anthropometric and motor fitness components. Data 
of anthropometric and motor fitness included power, flexibility, coordination and speed were obtained from 
2019 respondents aged 7.32 ± 0.52 year. Data interpretations were carried out using multivariate analysis 
of Principle Components Analysis (PCA) and Discriminant analysis (DA). The adequacy of sampling has 
been measured using Bartletts tests on sphericity and Kaiser-Meyer-Olkin (KMO) has been used, with this 
conformance of running the Principal Component Analysis (PCA). Then, Discriminant Analysis (DA) were 
used to validate the correctness of group classification by LT-TiS model. Then, Discriminant Analysis (DA) 
were used to validate the correctness of group classification by LT-TiS. As a result, two factors with 
eigenvalues greater than 1 were extracted which accounted for 55.00% of the variations present in the 
original variables was found. The two factors were used to obtain the factor score coefficients explained by 
27.86% and 27.21% of the variations in player performance respectively. Factor 1 revealed high factor 
loading on motor fitness compared to factor 2 as it was significantly related to anthropometrics. A model 
was obtained using standardized coefficient of factor 1. Three clusters of performance were shaped in view 
by categorizing; LT − TiS ≥ 65%, 40% ≤ LT − TiS < 65% and LT − TiS < 40% as good, moderate and poor 
performance respectively. Six discriminated variables obtained using forward and backward stepwise mode 
by DA including weight, height, standing broad jump, hand wall toss, sit and reach and 20 meter run. 
Variables have been established as an important indicator of choosing talented player.  
 
Keywords: Multivariate analysis, Discriminant analysis, Principal component analysis, Anthropometric, 
Fitness 
Introduction 
 
The Talent Identification Program (TID) is designed to identify young athletes with the potential to 
success in precise elite sport (Vaeyens et al., 2009). Over recent years, the program TID has 
grown very popular and critical to maximize the potential of athletes in achieving success (Anshel 
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and Lidor, 2012; Lidor et al., 2009). It happened with following by greater pressure than previous 
years for countries that excel in international sports (Anshel and Lidor, 2012). Many countries 
invested millions of dollars towards developing evidence-based approaches to pursue competitive 
advantage (Hogan and Norton, 2000). This is also due to the progress of research on the 
understanding of TID issues and the development of sports expertise over the past two decades 
(Nijs et al., 2014; Swann et al., 2015). 
 
 The importance of TID in sports were most related in coaching and prevailing sports 
science studies. Generally, TID can helps talented athletes to improve better than before. Many 
previous researchers have been explore talent in improving sports quality, focusing on factors 
affecting sports development (Ford et al., 2012), perception skills improvement (Berry et al., 2008), 
or anthropometric mechanism (Mohamed et al., 2009). Furthermore, some environmental factors 
affect development of young athletes which have been found by previous researchers (eg, Bloom, 
1985; Durand-Bush and Salmela, 2002; Henriksen et al., 2010). That means, inspection to 
relevant young athletes in the elite framework to cooperation psychologically healthy individuals 
as well as talented athletes was related to the physical (Strachan et al., 2011). 
Previous studies suggested that an effective TID program has the potential to detect early 
talent and it serves as an important component to increase the chances of success in sports 
(Vaeyens et al., 2009). Anshel and Lidor (2012) agreed TID program uses evidence-based 
processes that can be refined through appropriate system assessment that facilitates the selection 
process of athletes, afterward maximizing the selection of talented individuals at the domestic and 
international levels. Additionally, Durand-Bush and Salmela (2001) stated TID program that has 
the ability to recognize early talented athletes, helping to focus funding and training opportunities 
on athletes with the greatest potential to succeed. However, despite the potential benefits of the 
TID program, there is still a conflict between what is being proposed in the research and what is 
being observed in today's practice (Pankhurst et al., 2013). 
The increasing amount of research on the TID and athletes’ development is the evidence 
of the origin of high-level capabilities have been highlighted. Various design of studies from 
unidimensional perspectives have also has been suggested. This study aims to develop a long-
term talent in sports (LT-TiS) model based on anthropometric and motor fitness components using 
multivariate analysis. This study could in the future enhance the effectiveness of talent 
identification and development, which would, in the long run, reduce cost and increase the 
effectiveness during talent identification and development program.   
 
Materials and Methods 
 
Respondent 
 
In this study, 2019 male players from primary schools in Terengganu, Malaysia aged (7.32 ± 0.29 
year) were involved in this study. They underwent anthropometrical measurement of weight and 
height; and four motor-fitness subscales. There is standing broad jump, sit and reach, 20 meter 
run and hand-wall toss. Detail procedure on the testing procedure were describe afterwards. 
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Anthropometrics and Motor Component Variables 
 
Weight  
To measure weight, the equipment used is weighing scales. These scales need to be zero before 
the test is carried out and placed on hard and flat surfaces to get the correct reading. When the 
test is done, the child needs to stand upright and look forward. 
 
Height 
Height measurement tests were conducted to determine the height of the child from the surface 
of the stadiometer to the highest point above the head of the child. Ask the player to stand upright 
on the platform stadiometer with the heel touching the measuring pole and advance in the face in 
front and ask the player to stand in a position such as breath and told to breathe normally. 
 
Standing Broad Jump 
The purpose to test the strength of the exploitation of muscle members in the horizontal 
movement. This test is done by presenting Standing Board Jump Mat on a flat and hard surface. 
Then the child should stand behind the jump line and make sure the position of both legs should 
be parallel and open shoulder width. Player need to be in half squat before jumping. Help from the 
swing arm is needed to get the best result. 
 
Sit and Reach 
Sit and reach is aimed at testing the flexibility of the lower back and hamstring muscles. The 
necessary equipment is as Sit & Reach Box. Player sitting on the floor with legs stretched out 
straight ahead by putting the heel on the 23cm marker without wearing shoes. Next, the child 
should touch the reading marker with both hands with a straight forward position. Hands should 
be overlapped by one another when pushing the reading marker. The reading mark should be 
rejected as much as possible and the result will be taken if marker is not moving. 
 
Hand Wall Toss 
This study aims to measure coordination between eye, hand, accuracy and agility. Player are 
required to stand behind the marked line during the test.  The tennis ball will be thrown straight 
into the square on the wall using one hand and catching a tennis ball with two hands. If the throw 
over the line while catching a ball, throw outside the goal box and the ball fell to the ground before 
being caught will not be counted. 
 
20 Meter Run 
20 meter run was conducted to measure the player's ability accelerate, maximum running speed 
and endurance that accelerate depending on the distance. The equipment needed were 
stopwatch, cone, marking cones, whistle and 20 meter measuring tape. The surface of the test 
should be flat to prevent any injury during the test. The player running position is in the position of 
the start position (standing start) behind the starting line. The whistle is blown to mark the run can 
be started. The time will be recorded as soon as the whistle is blown and time will be stopped 
when the child has passed the finish line 
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Statistical Analysis  
 
Pre-processing Data 
A matrix set of male group contain 12114 matrices data (6 variables × 2019 respondents) were 
computed in this study. The total missing data in the matrices were very small (~ 3%) compared 
to the overall data recorded. Hence, for the data analysis screening, the nearest neighbor method 
was applied using XLSTAT 2014 add-in software (Musa et al., 2018; Mat-Rasid et al., 2018). This 
method examines the distance between each point and the closest point to it. The nearest 
neighbor method is the simplest methods, where the end points of the gaps are used as estimates 
of all missing values. 
 
Principal Component Analysis (PCA) 
In this study, the Kaiser-Meyer-Olkin (KMO) is used to determine the adequacy of the sample and 
measures as to make a reasonable interpretation based on data gathered (Abdullah et. al, 2016). 
It is important to test if the sample size was big enough and good for principal component analysis 
(PCA). PCA is not suitable and great when the result outcome of correlation matrix is an identity 
matrix. Data suitable worn to extract these factors. The eigenvalues of the correlation matrix are 
calculated by using the extraction of the factors. The standardized coefficient by selected factor 
were used to develop player physical health model. 
 
Discriminant Analysis (DA) 
DA was applied in this study to determine whether the groups vary with respect to the mean of a 
variable and to utilize that variable to expect group membership. Three groups for relative 
performance pattern (three sampling groups including poor performance group, moderate 
performance group, and good performance group), which were assigned by proposed LT-TiS 
model. The DA was employed using the standard, forward stepwise, and backward stepwise 
methods. These methods were used to construct DFs to evaluate relative performance variations 
in the anthropometric and motor fitness performance. The relative performances of the athletes 
were the assembled variables that is collected while all the components evaluated are 
independent variables. Similarly, in forward stepwise mode, variables are calculated in step by 
step starting with a very important variable until no significant changes are obtained. In the 
backward stepwise mode, the variables are removed step by step starting with a less important 
variable until no significant change is obtained. 
 
Results  
 
Table 1 shows the descriptive statistic of anthropometric components and motor fitness. It shows 
minimum, maximum scores, mean and standard deviation. 
 
Table 1. Descriptive statistics among of male of primary pupil in Terengganu 
 
Variables Min Max Mean Std. dev 
Weight (kg) 15.0 38.0 21.9 4.2 
Height (cm) 105.1 134.5 119.1 4.9 
Standing Broad Jump (cm) 64.0 151.0 107.6 17.5 
Sit and Reach (cm) 15.0 37.0 26.9 4.2 
Hand Wall Toss (bil.) 0 10 5.2 2.8 
20 Meter Run (second) 3.66 6.30 4.8 0.4 
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Table 2 showed the coefficient of correlations between variables involved in this study. Positive 
and highly significant (P< 0.05) correlations were obtained for height and weight (r = 0.61), 
standing broad jump and height (r = 0.02), sit and reach and standing broad jump (r = 0.17), hand 
wall toss and sit and reach (r = 0.02), 20 meter run and hand wall toss (r = -0.23). Correlation 
coefficient between standing broad jump, sit and reach, hand wall toss, and 20 meters run is not 
significant (P> 0.05). The correlation matrix obtained is 0.54 which is aimed at measuring the 
adequacy of Kaiser-Meyer-Olkin (KMO) sampling. KMO received 0.50 for factor analysis. Data set 
display relevant for this study because results of Bartletts test of sphericity (chi-square = 58.12). 
 
Table 2. Coefficient of correlations between variables involved in this study 
 
Variables Wg Hg SBJ SAR HWT 20 MR 
Wg 1      
Hg 0.61 1     
SBJ -0.11 0.02 1    
SAR 0.03 0.00 0.17 1   
HWT 0.05 0.13 0.28 0.02 1  
20 MR 0.08 -0.03 -0.40 -0.10 -0.23 1 
 
The summary of results of PCA is presented in Table 3. PCA was employed on the data set to 
identify the examined parameters of anthropometric and motor fitness components that influence 
each of respondents in this study. Two PCA were contained with eigenvalues greater than 1 were 
extracted which accounted almost 55.06 % of the variations present in the data set. The first factor 
showed strong on standing broad jump (0.793), sit and reach (0.331), hand wall toss (0.602) and 
20 meter run (-0.745) with factor loading after varimax rotations accounted about 27.85%. While 
the second factor accounted 27.20% on the data variability with a clear contribution on weight 
(0.891), height (0.890) and factor 2 after varimax rotation. The correlations between the factors 
and the original variables are known as loading. If the loads factor is higher, then it is a variable 
that can be a factors (Eyduran et. al, 2009). Factor score coefficient matrix is a unique contribution 
to each variable of the factor score. Where, to obtain factor score, coefficient matrix needs to be 
multiplied by the variable. Anthropometric and motor fitness components are used as independent 
variables as a factor score for predicting the performance of player. According to Yakubu et. al 
(2009), the factor scores as predictor variables usage is more dependable than interdependent in 
order to prevent multicollinearity.  
 
Table 3. Summary of the results of Principle Component Analysis 
 
 
Variables 
Rotated factor loadings  Factor score coefficients  
Factor 1 Factor 2  Factor 1  Factor 2 
Wg -0.100 0.891  -0.062  0.546 
Hg 0.074 0.890  0.042  0.545 
SBJ 0.793 -0.076  0.475  -0.048 
SAR 0.331 0.016  0.198  0.009 
HWT 0.602 0.196  0.360  0.119 
20 MR -0.745 0.046  -0.446  0.030 
Eigenvalue 1.671 1.632     
Variability (%) 27.85 27.20     
Cumulative (%) 27.85 55.06     
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LT-TiS model can be obtained by multiplying percentage of variance (Var) with factor score (FS) 
(Equation 1). Noted that standardized raw data were obtain by subtracting raw score with mean 
and dividing standard deviation.To facilitate comparison between the indicators, we present the 
value in range from 0 and 100 using the following transformation Equation 2. 
 LT − TiSm = var1 × FS1 + var2 × FS2 (1) 
 
LT − TiSm
∗ =
(LT − TiSm − LT − TiSmin)
(LT − TiSmax − LT− TiSmin)
× 100 (2) 
 
where LT − TiSm
∗  = final indicator value of the m th player, LT − TiSm = value of the indicator 
observed in the mth player, LT − TiSmax= maximum indicator observed in the sample. 
Table 4. Category of LT-TiS and number of respondent assigned by LT-TiS 
 
LT-TiS Category Index Total respondent 
Poor Performance group (PPG) LT-TiS ≤ 40 % 305 
Moderate Performance group (MPG) 40 % < LT-TiS < 65 % 15885 
Good Performance group (GPG) LT-TiS ≥ 65 % 129 
Total  2019 
 
Table 5 shows the discriminant analysis conducted for the further analysis. HACA defines network 
is applied by DA to examine relative performance variation. The clusters act as the dependent 
variable, whereas relative performance parameters were treated as independent variables. The 
accuracy of classification for studied group using standard mode, backward stepwise and forward 
stepwise mode DA is 98.17% (six variables), 98.17% (three variables) and 98.17% (six variable), 
respectively. The discriminated variables treated as essential indicator when selecting the best 
talented player in any sports were shown graphically in Figure 1. 
 
Table 5. Classification matrix by DA for grouping of male player of primary school in Terengganu 
 
 
Sampling group % correct 
Group assigned by DA 
Total 
PPG APG GPG 
Standard mode (six variables) 
PPG 93.11% 284 21 0 
 
305 
MPG 99.62% 4 1579 0 1585 
GPG 92.25% 0 10 119 129 
Total 98.17% 288 1610 119 2019 
      
Backward stepwise (six variables)      
 
PPG 93.11% 284 21 0 305 
MPG 99.62% 4 1579 0 1585 
GPG 92.25% 0 10 119 129 
Total 98.17% 288 1610 119 2019 
      
Forward stepwise (six variables)      
PPG 93.11% 284 21 0 305 
MPG 99.62% 4 1579 0 1585 
GPG 92.25% 0 10 119 129 
Total 98.17% 288 1610 119 2019 
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Figure 1. Box and whisker of some parameters separated by physical discriminant analysis with physical 
test data of male primary school pupils in Terenggan
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Discussion 
 
The LT-TiS model demonstrated lower limb strength have the greatest influence on early 
childhood talent identification. This is due to the rapid increase in muscle strength during 
adolescence. The ability to generate high power is essential for sports success (Young, 2006); 
however, the power is overlooked from the current long-term athlete development model (Balyi 
& Hamilton, 2004). The standing broad jump test is an indirect measure of muscle strength, 
and because of its simplicity, most of the developmental literature has used the test modality 
to evaluate the power of lower limb (Harrison and Gaffney, 2001). 
 
However, although power development is emphasized primarily after the onset of puberty, this 
proposed model suggests that some training focus should also be given to developing strength 
during the prepubertal phase. This is a response to research showing that both children and 
adolescents can make exercises that attempt to improve improvements in the size of muscle 
power (Chiodera et al., 2008). As with muscle strength, the research will suggest that muscle 
strength can be trained throughout childhood, although the scale and rate of change may differ 
before and after the beginning of puberty. 
 
 On the other hand, the finding from PCA also discloses flexibility component (sit and 
reach test) has greater impact for describing talent in sports. Better flexibility may improve 
performance in aerobic training and muscular conditioning in sports (Vandervoot and 
Stathokostas, 2016). Moreover, there is scientific evidence that demonstrates the prevalence 
of injury decreases on the athletes who possess greater flexibility as opposed that the athletes 
with lesser flexibility (Van der Horst et. al, 2016). Improved flexibility can enhance the ability of 
the athletes to move unconstrained through a wider range of motion. Nevertheless, the current 
finding is also supported by another study which stated that flexibility is one of the main fitness 
parameters imperative for future high performance athlete (Abdullah et. al, 2016). 
 
 Second factor found anthropometric contributed high variation regarding the 
performance in producing good results in any kind of sports by young athlete. Anthropometric 
factors, such as height and weight, can be more important to the outcome of the lower body 
explosive muscular strength achieved by the youngster (Young et. al, 1995). Anthropometrics 
have a major advantage of studying the physique different population non-athletes and athlete. 
There also true evident that measurement of anthropometric variables to create profile of 
athlete within specific sports (Radu et. al, 2016). Since different sports have different 
anthropometric characteristics, the findings could help coaches to select players for the 
professional level according their performance and physical scale.   
 
 
Conclusion 
 
From the findings of the present study, it is concluded that anthropometrics components and 
motor fitness related to physical health on player to choose talented young athlete. This study 
can help all parties who are involved in any parts of sports to choose talented athlete at the 
early age. Multivariate analysis like PCA and DA used to study the relative performance 
variations of the most significant performance elements for choosing talented player. The 
newly proposed LT-TiS model was developed by using factor score derived by PCA. It has 
identified three groups based on their anthropometrics components and motor fitness 
performance. These groups are PPG, MPG, and GPG. The finding of this study also revealed 
a total number of 129 out of 2019 potential players through the standard, forward stepwise and 
backward stepwise method of DA. DA identified six variables (weight, height, standing broad 
jump, sit and reach, hand wall toss and 20 meter run) that differentiate all the groups. Such 
variables were established as essential indicator for selecting talented player in talent 
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identification program. Present finding also implied that the application of multivariate analysis 
is vital in identifying essential performance parameters which can save time, energy and cost. 
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